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pathways can be shut down during production.

In a cell-free system, identifying issues and addressing them is 
typically simpler. Because enzymes can be directly assayed, changes 
in their activities can be easily assessed. When compared to cellular 
systems, the mixture of metabolites is greatly simpli�ed, making it 
simple to measure concentrations. Cofactor pools, such as redox states, 
can also be monitored. Any identi�ed bottlenecks can frequently be 
resolved quickly by replacing a regulated enzyme with an unregulated 
one or a more stable enzyme with one that rapidly loses activity [9]. On 
the o� chance that compound designing is required, it tends to be clear 
to present the recently rebuilt catalyst and optimize the framework. 
In a cell-free system, the mixture of metabolites is simpler than in 
a fermentation broth, making downstream processing simpler—
especially for products that would normally be retained in cells. In 
addition, the use of organic overlays can be more adaptable because 
there is no need to worry about killing cells and less risk associated 
with emulsions. In point of fact, product isolation can be as simple as 
extracting practically pure product from an organic overlay.

Before synthetic biochemistry systems involving more than a 
few enzymes are ready for large-scale commercial manufacturing, 
extensive technical developments will be required (see Outstanding 
Questions). Most of the time, the problems of stabilizing enzymes and 
making enzymes on a large scale can probably be solved, but some 
classes of enzymes will need more fundamental work before they can 
be used in bio manufacturing. �ere has been little prior experience 
scaling complex enzyme systems to the levels required for commodity 
chemical production [10]. As we attempt to scale more complex 
systems, there is no doubt that there will be a lot to learn. Is it preferable 
to work at a low temperature, where microbial growth mitigation 
becomes necessary, or at a high temperature, despite the resulting 
cofactor instability? Is it possible to e�ectively scale aerobic systems 
that require oxygen dispersion? When is it appropriate to a�x enzymes 
to a sturdy support? �e most pressing requirement for cell-free bio 
manufacturing is probably the advancement of cofactor technology.
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